Achieving sustainable development is a major challenge, especially among developing fishing nations which depend more on fisheries resources as a source of food and income. In Namibia, a developing fishing nation, many marine fishery resources were overfished pre-independence. Thus, measures implemented post-independence were aimed at sustainable utilization of fishery resources. This paper gives a sustainability analysis of the Namibian marine fishing subsector using broad aspects of sustainable development such as ecological, socio-economic, and technological aspect. Each aspect is represented by the following indicators: Mean Trophic Levels of landings, value of landings, contribution to state revenues and Gross Domestic Product as well as type of fishing gear. Indicators were computed using secondary data obtained from the Ministry of Fisheries for the period, 1990-2007. Trends of the ecological indicator suggest an improvement in ecosystem state, which could have led to increasing value of landings and contribution to GDP. Generally, indicators used showed that fishing impacts on the ecosystem state are less and economic performance of the sub-sector was good; especially notable is the increasing number of vessels in the hake fishery relative to increase in landings. While there are signs, it is difficult to conclude with absolute certainty whether the development of the Namibian marine fishing sub-sector was sustainable.
Introduction
The Namibian Marine fisheries has a history of over exploitation resulted from illegal, unregulated, and uncontrolled fishing from foreign fleets [1] which resulted in decline of some of the Namibian commercial stock. After independence, Namibia had committed itself to rebuilding of its overexploited fish stocks through the implementation of drastic conservation measures and endeavored to adapt the modern trend in fisheries management to its own needs and develop a system based on promoting sustainable development of its sub-sector.
The country's independence in 1990 came at the time when important environmental issues were high on the agenda globally. Two environmental events close to Namibia's independence are those in 1987 and 1992. Prior to Namibia's independence was the concept of sustainable development, which was coined in 1987 [2] . Again, five years later was the United Nations Conference on Environment and Development (or the Rio Conference), which has, through its Agenda 21, made significant contributions to sustainable development. Hence, these events and those before or those that followed have helped shaped environmental governance in Namibia, most likely their influence on drafting and amendment of the Namibian Constitution.
As party to agreements that culminated from these events, Namibia is required to utilize resources in order to meet the needs of present generations without compromising those of the future generations. The Namibian Constitution, through Article 95 (l) clearly sets the scene in promoting sustainable development. Notable Acts that followed were formulated based on this article. For example Part IV in the Namibian Environmental Management Act (No. 7 of 2007) deals with sustainable development [3] . Although meeting the Ministry of Fisheries and Marine Resources (MFMR) objectives is marked with both successes and failures, the fishery management system established during the past 17 years is described by many as successful [4] [5] [6] . However, it is not clear whether development of the sub-sector is sustainable. This argument is based on the reasoning that a well-managed fishery, like Namibia's, does not necessarily guarantee sustainability.
This paper gives a sustainability analysis of the marine fishing sub-sector using a variety of indicators which covers aspects of ecological, socio-economic and technological aspects. Marine fisheries indicators were not even included in the drafting process for Namibia's core set of environmental indicators [7] . Clearly, a lack of such indicators makes it difficult to measure and assess fisheries sustainability in Namibia.
Materials and Methods

Data and Data Source
A desktop study based on secondary data of eight (8) 
Indicators Analysis
A total of seven indicators that fall into broad aspects (ecological, socio-economic and technological) of sustainable development were used to assess the sustainability of the Namibian marine fishery. These indicators are Mean Trophic Levels of Landings (MTL) (as ecological), value of landings, number of registered vessels, contribution to state revenues and GDP (as socio-economic) and type of fishing gear (as technological).
Ecological Indicators
Landing is the wet weight of fish caught (usually expressed in metric tons) that is brought on land via ports [1].
Landings are recorded at two Namibian ports, at Walvis Bay and Lüderitz by fisheries inspectors under the Directorate of Operations of the MFMR. This is supplemented by catch data collected by fishery observer's onboard commercial vessels under the Fisheries Observer Agency (FOA). They are processed and managed by the Directorate of Resources Management (DRM) of the MFMR. The landings by each registered fishing vessel are recorded in log forms and are added to the MFMR database each month to obtain the annual landings, which are included in annual reports [8] . The annual total landings of commercial fisheries were summed up and plotted against time (years) in order to observe trends over the reviewed period (1990-2007).
Trophic Levels and Mean Trophic Levels of Landings
A trophic level (TL) is an expression of the position in a food web that a certain fish species or group of fish occupies [9] . In order to estimate the TL of a fish species, its diet composition and TL of food items should first be determined such that TL can be expressed by the general equation as follows [10] :
TL 1 mean TL of food items  
1) In the Equation (1), number 1 denotes the first trophic level while mean TL of food items is the average TL of different food items that constitutes a diet. Based on the above general formula, TL of each fishery is computed from the formula below:
2) Where i is the predator on the nth prey j and DC ij is the diet composition of the predator (i) and its prey (j).
It follows that, mean TL of landings of each fishery in a year is estimated from the formula:
3) Where Y ik is the landings of a fishery i in year k, TL i is trophic level of that fishery and Y wk is the total landings of all fisheries in year k.
TL is used to calculate the mean TL of landings by multiplying it with landings for each fishery in that year (see numerator in Equation (3)) and dividing it by total landings of all fisheries (see denominator in Equation (3)). The annual mean TL of landings was computed for the fishery over the period under review and plotted against time.
Socio-Economic Indicators
The value of catch is the annual landings expressed in monetary value before and after processing [8, 11] . Landed value, export value and final value were summed up to obtain total value of the fishery. Value of landings is the value of fish in the form it is landed, export value is the value of landings exported while final value represent the value of fish and fish products after processing. The total value of the fishery was plotted against time (in years) and observed trends were used as economic indicators of the performance of the fishing sub-sector. If the value of the fishery is decreasing, this means that either the landings are decreasing or the price of fish is declining [8] .
Contribution to State Revenues
State revenues generated by the sub-sector are via quota fees, marine resources fund, by-catch fees and license fees. This data were obtained from the MFMR annual statistics. Quota fees are paid by registered fishing vessels per quota allocated. Each participant in the fishing subsector is obliged to contribute to the marine resource fund, which is used to supplement MFMR's fisheries scientific research. By-catch fees are charged per fish bycatches limit exceeded, while license fees are charged per fishing license bought [11] . Since both fees goes to the state, contributions were summed up and expressed as total contribution to state revenue and plotted against time.
Contribution to Gross Domestic Product (GDP)
The role of any economic sector to the national economy, including the fishing sector is frequently measured in terms of its contribution to the GDP. The contribution to the GDP is merely a measure of the level of output by the sector [8] . This is essentially the gross income earned, wages and salaries, gross profits, and indirect revenues from the fishery production. It does not include intermediary inputs, hence is less than the value of production.
Number of Registered Fishing Vessels and Type of Fishing Gear
The number of registered fishing vessels can be regarded as an indicator of the fishing effort. The registered fishing vessels were summed up for the entire period and were presented in scatter plot against time. Furthermore, by reclassifying vessels into categories according to the type of fishing operations, it was then used to indicate the type fishing technology. The fishery was classified into nine 9) broad categories according to fishing gears for the entire period to show the number of vessels in each category. These categories are: small pelagic, demersal, long-line, mid-water, large pelagic, crab, rock lobster, monk and deepwater.
Results
Total Landings
The total landings for the fishery were increasing, reaching two peaks in 1994 and 1999 ( The regression (R 2 = 0.177) of the best fit line can only explain up to 18% of variation in total landings. The increase in landings and the peak in 1994 can be related to continuing overfishing that existed even post-independence.
Landing Composition
Landings for the entire period were dominated by three fish species namely horse mackerel, hake and pilchard. Emphasis was placed on these three major commercial species landed, shown in Figure 2 .
Total landings composition computed for the fishery for the entire period indicates that a great portion of the landings consisted of horse mackerel (64%) and hake (27%) fish species. Pilchard and monk fish species has contributed 8% and 1%, respectively.
Horse Mackerel
The horse mackerel resource has contributed more in terms of landings during the entire period. For example during the year of 1995-2000, more than 60% of the landings were horse mackerel. Since the peak landing in 1994, horse mackerel landings have been stable. In 2007, there were merely 13 active mid-water trawlers compared to 61 in 1990. This is a poor sign of sustainability considering that horse mackerel is one of the few fish species whose products are available to local and regional markets. If this decline is due to restricted entry into this fishery, there is a need to allow more fishers. If it is due to more costs involved in its fishing operation then there is a need for government intervention [12] . Such intervention can be through subsidies in order to establish good infrastructures.
Hake
The development of hake fishery is described as one of the successful fisheries in Namibia [5] . Landings of hake species made up to 32% of the total landings during the year of 2001-2007. The landings, increased by 7%, compared to only 4% by horse mackerel over the years 1995- 2000. This increase is perhaps due to increase in biomass of the fishable fish (>36 cm) in 2007 [8] , which perhaps allowed for increase in the number of registered fishing vessels. The percentage number of vessels in the demersal and long line categories also increased drastically between 1990 and 2007. These developments were all good signs that the resource is not underutilized and is a sign of sustainable development. It is also in line with MF-MR's objectives to develop fishery resources in a sustainable way [13] .
Pilchard
Initially, pilchard landings were more than those of horse mackerel and hake species. Considering its current landings, it is argued that higher landings during the year of 1990-1994 were rather due to past illegal fishing. This is because there was a huge decrease in its landings afterwards by more than 36% between 1995 and 2007. This huge decline in landings is most likely due to diminishing numbers of registered vessels (only 9 in 2007 compared to 40 in 1990) is a sign of commitment by MFMR to restore this resource. Unfortunately, these efforts during the past 17 years have not recovered the resource. Small pelagic resources are subject to huge fluctuations. For example in 1980 the Namibian fishing industry was allowed to catch 52,400 tons of the 53,000 tons of the pilchards. Surprisingly, the following year the biomass was 150,000 tons.
Mean Trophic Levels of Landings
MTL indicates the state of marine ecosystem [14] . The general increasing trends observed in Figure 3 , indicates that "fishing down the marine food web" was not taking place post-independence. This is explicitly due to two dominating landings of high trophic species (i.e. horse mackerel and hake). Fishing down the marine food web has been documented in Namibia using landings data spanning 50 years, from 1950-2000 [9] . The difference in findings of the two studies can be due to a number of reasons. In the present study, the dataset is from an entirely different period where the fishery management system is different and it only spans a period of 17 years. More importantly, the computation of the MTL is adjusted such that low trophic levels species are excluded. In addition, the dataset from Willemse's study comes from a different period where the fishery management regime is different and spans 50 years [9] .
MTL depicts a general increasing trend throughout the entire period (Figure 3) . The regression (R 2 = 0.7483) of the best fit line can explain almost 75% of data variation. Increasing MTL suggest that the Namibian ecosystem is in a good state, since fishing down the food web was not taking place. This can be due to a number of reasons including a successful fishery management system introduced post-independence. The Namibian fishery management system is described by many as successful [6] . In 2008, Namibia ranked among the top ten, out of the 53 fishing nations as compliant with the UN (United Nations) Code of Conduct for Responsible Fishing [4] . Noteworthy, the Namibian dataset for landings is not 50 years yet and the one used for this analysis is merely 17 years. A dataset spanning 50 years is required to construct a reliable trend [14] .
Total Value of Landings
The value of landings can be used as an indicator of the economic performance of the fishery [8] . Total values of landings for the fishery were increasing during the entire period as shown in Figure 4 . This can be related to increase in total landings.
Total value of landings for the fishery was increasing for the entire period since independence (Figure 4) . The regression (R 2 = 0.9793) of the best fit line can explain almost 98% of variation of data.
Total Contribution to State Revenues
Contribution to state revenues can also be used as an economic indicator [8] . The contribution to state revenues shows a general declining trend, despite the fact that other economic indicators are increasing and can be directly related to less number of registered vessels enter ing the fishery.
Total Number of Registered Vessels and the Type of Fishing Gear
Total contribution of the fishery to state revenues is generally decreasing, with the regression (R 2 = 0.467) only explaining 47% of the data variation ( Figure 5 ). This decline in contribution to state revenue is due to the restriction in the number of fishing vessels in the Namibian fishery as a management measure to increase fishing efficiency. Thus, it is argued that it can lead to reduction in state revenues.
The number of registered fishing vessel increased at a slow pace, implying that less new vessels entered the sub-sector. This could be an indication of strict regulations aimed at combating open access fishing which existed in the past. Restricting vessel in the fishery can result in reduction in revenues generated from quotas and license fees.
Total Contribution to GDP
Increase in total number of registered vessels participating in the fishery was very slow (Figure 7) and was mostly consisting of the demersal fishing (Figure 8) . The regression (R 2 = 0.0064) only explaining 0% of the data variation. The demersal fishing mostly target two hake species, which, as higher trophic fish species, are predators. Apart from their critical role in the ecosystem as predators, hakes are also commercial valuable species. This paper argues that the increase in the number of demersal trawlers can therefore be a concern for two reasons; bottom trawls are generally regarded as destructive gears as they disturb and modify the seafloor and benthic biological communities. Secondly, increasing number of The GDP can as well be used as an economic indicator of the sub-sector. Contribution to GDP is an indicator of the level of output within the sub-sector. The contribution to GDP shows a general declining trend (Figure 6) .
The fishery's contribution to GDP has generally decreased (Figure 6) , with the regression (R 2 = 0.2696) only explains 27% of variation in data. The declining trend in GDP despite increase in total landings, especially during the period of 1990-2000 could be due to lack of equity and unequal distribution of wealth. However, there could be a number of other factors since the regression can merely explain 27% of data variation. trawls vessels targeting higher trophic level species can be a sign that fishing down the marine food web could be probable in the future [15] .
The demersal fishing dominated the fishery with 32%. The main target species are hake species (Merlucious capensis and M. paradoxus). This was followed by small pelagic vessels (mostly pilchard), which consisted of 18%. The finding that the number of vessels in the long line fishing category are increasing (i.e. 6%) is a positive sign since impacts of long liners on the ecosystem are less and the fish caught are of good quality compared to those from trawls.
Discussion and Conclusion
On the attempt to answer the question whether development of the fishing sub-sector is sustainable several indicators were used for the analysis. It is evident from results that the fishery management system introduced at independence was successful in that, MTL, value of landings and contribution to GDP were increasing. MTL acts as an indicator of the ecosystem health [14] . Increasing value of landings and contribution to GDP are indicators of the socio-economic performance of the fishery [8] . Decreasing state revenues observed, which can be directly linked to restricted entry into the fishery can be interpreted as a sign that Namibia is committed to promote sustainable fishing. This is an achievement for a developing country like Namibia from which other fishing nations should learn.
The changes brought about post-independence, especially as a result of new fishery legislation and other regulations, have had tremendous impacts. For example, impacts on socio-economic development like via decreasing state revenues and compromising new entrants' chances to benefit. This is the case with the horse mackerel fishery and it is unfair, especially for new entrants the majority of whom are poor Namibians. According to the common definition [2] of sustainable development this is not sustainable. Yet efforts aimed at restoration of the pilchard resource seem to be a waste as this cost is likely to be transferred to future generations. Pearce's definition [16] , stresses that cost of development should not be passed on to future generations. In contrast, development of the hake fishery is sustainable according to Munasiphe [17] in that the resource is not under-utilized. In fact the resource was able to absorb economic shock in 2005. Munasiphe [17] rightly argued that sustainable development should be such that exploitation is allowed as long resilience of socio-economic and ecological structures is maintained.
To simply answer the question whether the development of the marine fishing sub-sector is sustainable is rather subjective. Despite many definitions of sustainable development that can be also confusing, Glavovic [18] questioned whether the idea of sustainable development can necessarily lead to its practice. Even worse, the concept of sustainable development is value-based [19] , implying that whether a sub-sector is sustainable entirely depends on these values that tend to change both temporally and spatially. As a result, there is no single answer to this question. Thus, a number of possible scenarios as discussed below may help to provide some answers.
Scenario 1-The majority of indicators are increasing and that indicates that development of the sub-sector is not compromising on chances of future generations to prosper. If this increase in majority of the indicators is considered, then development of the sub-sector was sustainable.
Scenario 2-In terms of species composition, only th n the analysis, Namibi
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of Fisheries and M ree major fish species are considered here. Development of the hake fishery can be said to be sustainable. If the hake fishery, which is currently regarded as the backbone of the fishing sub-sector both in terms of landings and value of landings [8] , can be used as a representative fishery resource for the whole sub-sector, than its development was sustainable. But as pointed out earlier, this is likely to be based on values that change from individual to individuals and place to place.
By considering indicators used i a has made a tremendous progress towards sustainability from which other fishing nations should learn. A good example is the development of the hake resource. There is a need for value addition to fish and fish products, particularly for the most valuable hake fishery. Development of the horse mackerel can be sustainable if more fishing vessels are allowed into the fishery. Resources expended to restore the pilchard resource can be a waste if this resource does not recover. However, there is a need for long time data series. In addition to promoting sustainable fishing, through combating illegal fishing for instance, there is a need to set resources aside to develop tools for promoting, evaluating and monitoring sustainability. Although there are signs, it is difficult to conclude with absolute certainty that development of the Namibian marine fishing sub-sector during the past 17 years was sustainable.
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